To be useful under commercial conditions, these scores need to be simple and practical for farmers 69 to be able to assess those traits on the farm. were sent to the farmers approximately one month before the onset of the study, which was 101 followed up by a phone call and farm visitation by one of the trained researchers (MO or EMR).
102
During the visit, additional information regarding environment and management routines on the 103 farm was collected. The completed registration forms with behavioural and physical scores for 104 each sow from one batch on the farm was sent to us, whereas the following production records for 105 the same sows were collected from the Ingris database: parity number; number of live-born 106 piglets; number of piglets that died after farrowing but before weaning; and number of weaned 107 piglets (defined as number of the sow's own live-born piglets plus the number of piglets fostered 108 on minus the number of piglets fostered off and minus the number of piglets that died after 109 farrowing but before weaning). The on farm registration form included qualitative behavioural scores developed by Ocepek and 116 Andersen (2017) , and physical scores as tested in Ocepek et al. (2016a) . was assessed using a grading scale from 1 to 5 and half points were used (Fig. 1) . Presence of SL
125
was assessed using a five-category scale. Score 0 was used when the shoulder region was intact,
126
with healthy skin and without reddening or swelling. If SL were determined, scores from 1 to 4 127 were used (Fig. 2) . To facilitate subsequent calculations, BCS scores were transformed into values from 1 to 3; thin
182
(1.0-2.5), normal (3.0-3.5), fat (4.0-5.0). Around 13% percent of the sows were thin, 63 % of the 183 sows were categorised as normal and 24 % of the sows were classified as fat. Approximatively,
184
93% of the sows had no signs of movement disorders, 6% were slower (limping, score 2), and less 185 than 1% had severe movement problems (score 3). Furthermore, around 93% of the sows had 186 healthy skin without SL, more than 6% were classified with initial shoulder injuries and less than 187 1% with moderate skin lesions (score 2) as well as serious shoulder lesions (score 3). As there 188 were very few higher scores for MD and SL, both traits were categorized into two classes (sows 189 without MD and/or SL = class 1; sow with MD and/or SL = class 2). 
198
The effects of physical condition (MD, BCS, SL) as fixed effects (class variables) on behavioural 199 scores (NBA, SC, SCR) were analysed using the GLIMMIX procedure (Multinomial distribution).
200
Parity and litter size were included as continuous variables. Farm was specified as a random effect. To find the best combination of behavioural scores (7 combinations of defined scores), the model 211 with the best relative predictive accuracy for piglet mortality/weaned piglets was determined using 212 the Akaike information criterion (AIC). The AIC values were transformed to Akaike weights to 213 provide the relative probability of each model having the best predictive accuracy. The mean number of sows per farm in a farrowing batch was 20.0 ± 0.9 (range 10 -31), and sow 223 parity ranged from 1 to 9, with 33.9 % of the sows in first, 23.3 % in second, 18.7 % in third, 12.5 224 % in fourth, 7.1 % in fifth, 2.3 in sixth, 1.6 % in seventh, 0.3 % in eight, and 0.3 % in ninth parity.
225
The mean number of piglets at birth was 14.1 ± 0.1 (range 3 -23) and at weaning 11.6 ± 0.1 (Fig.   226   3a) , whereas the overall mean postnatal mortality was 16.3 ± 0.5% (Fig 3b) . Nest building behaviour score (NBA). During the last 24 hours before parturition, 22.8 % of the 233 sows showed no nest building activities (score 1), whereas 28.0 % of the sows spent the majority 234 of their time on NBA (score 3; Fig. 4a ). There was no significant effect of parity, nor litter size on 235 NBA (Table 2 ). Sows with MD had a lower NBA than sows without (Table 2 ; Fig. 5a ). Sows with 236 normal BCS had higher NBA compared to thin or fat sows (Table 2; Fig. 6 ). NBA was unaffected 237 by SL (Table 2) . (Table 2 ). Sows with MD had lower SC than sows without (Table 2 ; Fig. 5b ). SC was not 245 significant effect by BCS nor SL (Table 2) . (Table 2 ). Sows with MD had lower SCR than sows without (Table 2 ; Fig. 5c ). SCR was 254 not significantly affected by BCS nor SL (Table 2) . Postnatal mortality. There was no significant effect of NBA on postnatal mortality (Table 3) .
266
Sows with higher SC had lower postnatal mortality (Table 3 ; Fig. 8a) . The higher the SCR, the 267 lower the postnatal mortality (Table 3 ; Fig. 8b ). There was no significant effect of parity on 268 postnatal mortality (Table 3) . Mortality significantly increases in larger litters (Table 3 ; Fig. 9 ).
269
Postnatal mortality was not significantly affected by sow physical condition (MD, BCS, and SL, 270 Table 3 ). There was significant difference in postnatal mortality between farms (Table 3) . Number of weaned piglets. A high degree of NBA (Table 3 ; Fig. 10a ), SC (Table 3 ; Fig. 10b ) and 274 SCR (Table 3 ; Fig. 10c ) was associated with more piglets weaned. There was no significant effect 275 of parity on number of weaned piglets (Table 3) . More piglets were weaned in larger litters (Table   276 3; Fig. 11 ). Number of weaned piglets was not significantly affected by MD, BCS, and SL (Table   277 3). There was a significant difference between farms in number of weaned piglets (Table 3) . (Table 4) . Our results showed that farmers understood the qualitative scoring system just by verbal advice 300 (without on-site pre-training) and that the behavioural scores were important predictors for piglet 301 survival. Using model selection, our results showed that a combination of SC and SCR had the 302 best predictive accuracy for determining levels of piglet mortality/weaned piglets. Thus, these 303 maternal care behaviours (SC and SCR) could be implemented in the breeding goal as a novel 304 approach to improve piglet survival and thus ensure future sustainable pig breeding. NBA had a minor effects on piglet survival under commercial conditions. On farms we cannot be 366 sure that sufficient amount of nest building material is provided at the right time. commercial conditions. We found that farmers were able to implement the qualitative scoring 383 system, and that maternal care behaviours were more predictive of piglet survival (low piglet 384 morality and more weaned piglets) than physical condition of the sow. In particular, our results
385
showed that a combination of SC and SCR had the best predictive accuracy for piglet 386 mortality/weaned piglets. The large individual variation in SC and SCR, the fact that they were not 387 affected by litter size, and easy to record for the farmer, indicates that they are suitable behavioural 388 parameters for testing in nucleus herds to be implemented in the future breeding programme. 
